Purpose: This study evaluated the association between night-shift work (NSW) and breast cancer risk as well as subtypes of breast cancer in Korean women. Patients and methods: The study population included 1721 female breast cancer cases and 1721 female controls matched by age. The subtypes of breast cancer were determined based on estrogen, progesterone, and human epidermal growth factor receptor 2 statuses by reviewing pathology reports. Odds ratios (ORs) for NSW experience, age at commencement of NSW, frequency, and duration were estimated using conditional logistic regression and were adjusted for confounders such as parity and socioeconomic status-related factors. Results: Among 1721 pairs, 10.58% of cases and 9.59% of controls had ever engaged in NSW. NSW was not associated with breast cancer risk in terms of ever having night-shift exposure (adjusted OR was 1.11, 95% confidence interval [CI] =0.89-1.40), duration, frequency, or cumulative working time. The OR for >10 years of lifetime duration of NSW was 1.55 (95% CI 0.89-2.69, P=0.124). In addition, the OR for >35,000 hrs for cumulative frequency of night work was OR=1.42 (95% CI=0.73-2.74, P=0.304). There was no heterogeneity in ORs of ever having NSW and cumulative duration of NSW between four subtypes of breast cancer. Conclusion: NSW including long-term and heavy working exposure was not associated with breast cancer risk.
Introduction
Breast cancer is the most common type of cancer in women worldwide which accounts for 30% of all new cancer diagnoses in women. 1 The incidence rates vary worldwide with a higher incidence in Western Europe and lower incidence in Africa and East Asia. Higher risk of breast cancer in developed countries and rapid risk increment in developing countries 2 have suggested that industrialization of societies is an important determinant of breast cancer risk. In Korea where rapid industrialization has been achieved, female breast cancer has increased continuously since 1999 and is the most common cancer in women. 3 In the industrialized world, people often undergo some levels of circadian disruption through exposure to electric light at night or their working condition. 4 Night-shift work (NSW) is common in industrialized societies with a prevalence of about 14% in women in Western countries. 5, 6 In Korea, 10.2-14.5% of the total workers are estimated to engage in NSW. The International Agency for Research on Cancer (IARC) evaluated the carcinogenicity of NSW and classified it as a probable carcinogen to humans in 2007 based on the results from epidemiological studies and biological plausibility including suppression of melatonin, modification of estrogen, or change in the expression of clock genes. 7 Following the IARC report, several epidemiological studies have been implemented to evaluate the association between NSW and breast cancer. However, studies have shown varied results. 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Findings from some studies showed an increased association between working night shifts and risk of breast cancer in ever night workers, 8 in women who worked for 20 or more years, 9, 10 in postmenopausal female workers, 9 or in "graveyard shift" workers, 12 and a dose-response relationship was found in a meta-analysis. 6 However, results from other analyses showed weak evidence or no association [15] [16] [17] [18] and even protective relationship in overnight shift workers compared to day workers. 19 In addition, the evidence from a metaanalysis of 10 large prospective studies with a total of 1.4 million women suggested a null association between NSW and breast cancer risk. 20 The most recent studies denoted no overall short-term effect of night-shift work on risk of breast cancer, 21 but the effect was found in long-term rotating night-shift workers who performed shift work during young adulthood. 22 However, most of the epidemiological studies regarding NSW and risk of breast cancer were conducted in Western countries and there have been only two studies that investigated this association in the Asian population thus far. 15, 16 Both the studies were conducted in Chinese women and yielded null associations. Thus, in the Asian population, the remaining aspects regarding the association between NSW and breast cancer risk might include the inconsistency among published studies and limited amount of evidence. In addition, with reference to the different association of NSW according to hormonal receptor status of breast tissues, 23,24 the differential effect of NSW according to hormone receptors needs to be explored in Asia as well. Therefore, we evaluated the association between NSW and breast cancer as well as stratified the risk by shift intensity and breast cancer subtypes based on hormone receptor status in the Korean female population where rapid Westernization has occurred during the past few decades.
Materials and methods

Study population
Women aged 20 years old or more who visited the Breast Cancer Center or Health Examination Center at the National Cancer Center in Korea from 2012 February to 2018 January were enrolled. Eligible cases of incident breast cancer were histologically confirmed by pathologists and breast cancer surgeons. Controls were selected from among women who visited the centers for health check-ups between 2012 and 2016. All eligible cases and controls were asked to give written informed consent. After obtaining informed consent by trained interviewers, information on night-work experience, demographic characteristics, reproductive factors, and lifestyle behaviors were collected using a structured questionnaire through face-to-face interviews. Controls were confirmed as being free-of-cancer based on medical record review, results of health checkup, and answers of questionnaires regarding past medical history. If they had any type of cancers, they were excluded from the analysis. The study protocol was reviewed and approved by the National Cancer Center Institutional Review Board (IRB number: NCCNCS13717). All procedures were performed in accordance with the Declaration of Helsinki 7 th version.
During the enrollment period, a total of 2058 female patients with breast cancer and 1938 female controls with NSW information were recruited. The cases and controls were matched by 10-year age groups. For breast cancer patients, pathology reports were reviewed to access information about the hormone receptor status of breast cancer tissue including estrogen receptors (ER), progesterone receptors (PR), and human epidermal growth factor receptor 2 (HER2). After checking medical records of enrolled patients, we classified breast cancer into four subtypes based on the receptor status: luminal A (ER and/or PR positive and HER2 negative), luminal B (ER and/or PR positive and HER2 positive), HER2enriched (ER and PR negative and HER2 positive), and triple-negative (all receptors negative). 25 Exposure measurement NSW was defined as ever having worked in night shifts regularly between 9:00 pm and 8:00 am for at least 2 months in their lifetime. In addition, age at starting and ending NSW, clock-time of starting and finishing night shifts, the number of working days per week, the average length of shift cycles, and years on night schedule were obtained using a standardized questionnaire.
NSW exposure was classified as having ever or never engaged in night work, in addition to the length of exposure and the shift schedule. Shift schedule was detailed for age at starting to work night shifts, number of days per week for NSW exposure, clock time at starting night shifts, and lifetime duration of night work as recommended by the IARC working group. 26 The duration of NSW involvement was classified into three levels: 10 years and under, longer than 10 years. To integrate the shift duration and intensity, the lifetime cumulative hours of night work were computed by multiplying the number of years with the number of days per week with NSW, and hours of working per NSW.
Statistical analysis
The distribution of demographic characteristics and other covariates in the study population was described by frequencies and percentages. The associations between all selected risk factors and breast cancer as well as with NSW were determined by univariate logistic regression models. The association between NSW and breast cancer risk was presented as odds ratios (ORs) with 95% confidence intervals (CIs) and adjusted ORs. Confounding factors to be adjusted for were assessed via two steps: literature review and confirmation in our dataset. Ijaz et al 14 had systematically assessed confounding for this association using directed acyclic graph and selected age, ethnicity, parity, and socioeconomic status as confounders that may truly affect the association between NSW and breast cancer. Thus, we applied the selected confounders from Ijaz et al to our analysis, except ethnicity because our all study population was Korean. For age, we frequently matched cases and controls by age group and adjusted for age as continuous variable to avoid residual confounding effect.
As a proxy for socioeconomic status, educational level (less than university, university or higher) was considered. For parity-related factors, we considered the number of pregnancies and age at birth of the first child.
We checked whether these factors were confounders in our data by using univariate logistic regression and assessing whether they were related to both NSW and breast cancer ( Figure 1 ). We additionally considered whether the established risk factors for breast cancer such as body mass index (BMI), age at menarche, tobacco smoking, female hormone treatment therapy, and family history of breast cancer were associated with both NSW and breast cancer. 27 This included age at diagnosis time for cases and age at interviewing time for controls, the number of pregnancies, age at birth of first child, and educational levels to yield a minimally adjusted result. The fully adjusted ORs incorporated all established risk factors including age, number of pregnancies, age at birth of first child, educational levels, BMI, age at menarche, tobacco smoking, use of female hormone treatment, and family history of breast cancer to yield a fully adjusted result. This was performed by multivariate conditional logistic regression using never worked in night shift as the reference. The missing information on detailed NSW information and covariates was treated as a dummy variable and included in the analysis.
To investigate whether the association between NSW and breast cancer would be altered by the hormone receptor status, we also performed multiple logistic regression Figure 1 The odds ratios (ORs) showed the association between all the selected factors and night-shift work as well as breast cancer. 1 Never pregnancy as reference, 2 high school and under as the reference, 3 18.5≤ BMI<25 as reference, 4 aged 14 and under as reference, 5 never smoking tobacco as reference, 6 never use of female hormone treatment in menopausal women as reference, 7 not having family history of breast cancer in first-degree relatives as reference. Abbreviations: yrs, years; BMI, body mass index (kg/m 2 ); FHT, female hormone treatment; MW, menopausal women. models according to luminal A, luminal B, HER2enriched, and triple-negative subtypes, and the results were presented as ORs and 95%CIs. The heterogeneity among the results by breast cancer subtypes was tested by using the likelihood ratio test. All analyses were performed using SAS software version 9.4.
Results
A total of 1721 cases and 1721 10-year age-group matched controls were included in the analysis. The distribution of baseline characteristics in our matched study population is presented in Table 1 . We confirmed that the age as a matching variable was not different between cases and controls. The distribution of known risk factors for breast cancer, including pregnancy, number of pregnancies, age at birth of first child, BMI, age at menarche, tobacco smoking, and family history of breast cancer, were significantly different between the two groups.
The associations between all considered covariates and breast cancer as well as night shifts are presented in Figure 1 . The number of pregnancies, age at birth of first child, educational level, and tobacco smoking were significantly associated with NSW. However, the association between these variables and breast cancer risk was not observed. Furthermore, BMI, age at menarche, and family history of breast cancer were significantly associated with breast cancer risk. Thus, we adjusted for age at birth of first child, number of pregnancies, and educational levels, in addition to all considered factors in our analysis.
The frequencies of having ever engaged in NSW were 10.6% and 9.6% in breast cancer patients and controls, respectively. In our study population, there was no significant association between ever engaging in NSW and breast cancer indicated by the minimally adjusted OR of 1.11 (95%CI 0.89-1.40, Table 2 ). Furthermore, age at starting their first NSW, frequency of NSW (number of NSWs per week), and NSW starting time did not show association with breast cancer risk. The minimally adjusted ORs and fully adjusted ORs were similar. Women with more than 10 years of cumulative NSW exposure were not associated with risk of breast cancer compared with women who had never engaged in NSW (minimally adjusted OR=1.55, 95% CI=0.89-2.69). A similar effect was found with respect to cumulative NSW exposure expressed in hours. No significant association between more than 35,000 hrs of night-shift exposure and risk of breast cancer was observed (minimally adjusted OR=1.42, 95% 25-4.69 ). There were no heterogeneous associations between NSW and breast cancer among the four subtypes of breast cancer with respect to age at starting their first NSW, frequency of NSW, NSW starting time, and cumulative exposure to NSW (Figure 2 and Supplementary 1). Notes: 95% CI estimated using conditional logistic regression models; a adjusted for age, educational level, number of pregnancies, and age at birth of first child; b adjusted for age, educational level, number of pregnancies, age at birth of first child, body mass index, age at menarche, alcohol consumption, smoking, use of female hormone treatment, and family history of breast cancer in first degree relatives; c 4 cases and 7 controls with missing information; d 16 cases and 22 controls with missing information; e 12 cases and 21 controls with missing information; f 2 cases and 5 controls with missing information. Abbreviation: N, number.
In terms of the association between NSW and breast cancer risk stratified by menopausal status, no significant association or difference was found in the risk of breast cancer regarding high intensity and heavy exposure with NSW between premenopausal and postmenopausal women (Supplementary 2).
Discussion
In this case-control study among Korean women, NSW was not associated with the risk of breast cancer. The null findings were observed regardless of any shift work intensity and breast cancer subtypes.
Our findings were consistent with recent studies that showed no association between NSW and breast cancer [15] [16] [17] 20, 22, [28] [29] [30] even with long-term exposure to NSW 15, 16, 20, 28 or any hormone receptor status of breast cancer. 24 Although several previous studies 9, 12, [31] [32] [33] [34] and meta-analysis 11 have shown an increased risk among women who had engaged in NSW, recent meta-analyses have shown inconsistent results. 13, 14, 20 The increased risk of NSW on breast cancer in previous studies could be possibly attributed to the characteristics of the study populations. Previous studies included women engaged in particular occupations with high intensity of NSW such as nurses, flight attendants, or militaries, 9, 32, 35 or in women with "graveyard" shift work. 12 All of the workers had heavy exposure levels of night shift compared to the general workers.
In terms of the general population, some studies found an increased risk of breast cancer in long-term workers with working periods longer than 15-20 years or heavy work frequencies; 12, 23, 33, 34 however, these were not observed in other prospective studies. [15] [16] [17] 20 It has been suggested that the report from the IARC regarding shiftwork in 2007 7 was primarily based on experimental evidence and considered epidemiological evidence was limited, followed by overestimation of the effect. 20, 36 A recent meta-analysis 20 using 10 large prospective cohort studies provided evidence for no association between 20 or more years of NSW and breast cancer risk (RR=1.01; 95% CI=0.93-1.10), suggesting lack of an association even with long duration of NSW. In our study, even the duration of cumulative NSW of more than 10 years or 35,000 hrs did not show any significant differences despite increased OR point estimates of 1.44 or 1.30. Considering a small number of subjects included in these categories (1-2% of cases or controls), the insignificant results would be caused by no real association as previous studies 15, 16, 20, 28 or false-negative results due to low power. Although the definitions of NSW varied, the International Labor Organization defined night shift as full-time working period between 24.00 and 05.00. 37 The 24.00-05.00 includes the time for physiological peak of melatonin biosynthesis which is around 01.00-02.00 AM. We categorized the time of NSW initiation before and after midnight and compared them with those who had never engaged in NSW. However, we could not accord significance to the results with similar OR irrespective of the time of NSW initiation. Further, it has been suggested that age at starting NSW in relation to the status of the breast tissue would be critical, and women exposed to NSW at a young age were more vulnerable to breast cancer. 22 However, our results did not show an association between age at starting NSW and breast cancer. Inconsistent results of the previous studies may be due to, in part, varied definitions of NSW and its duration, potential recall bias, and limited adjustment for confounders. In addition, we evaluated the association between NSW and breast cancer risk stratified by menopausal status considering its effect on circulating estradiol levels; 38 however, no differences were observed. Two studies regarding the association between NSW and breast cancer conducted in China showed no association. 15, 16 In these studies, even longer durations and higher frequencies of exposure were not associated with the risk of breast cancer. Biological differences between Asian women and women in Western countries in terms of human endocrinology, particularly melatonin or difference in the circadian genes, were suggested as factors accounting for the differences. The decrease of the circulating melatonin concentrations could result in cancer development, 39 and after night work, the amount of reduction in urinary 6-sulfatoxymelatonin levels was lower in Asian people, suggesting that Asian night workers were better at maintaining their melatonin production. 40 Asian populations have lower frequencies of rs23051560 Thr/Thr, one of the neuronal PAS domain protein 2 genes associated with breast cancer risk, compared to European populations, suppressing the effect of shift work. 41 When the association between NSW and breast cancer subtypes based on hormone receptor status was observed, we did not find any heterogeneity among ORs. This may be due in part to the small number of participants in each category. Although several previous studies showed stronger associations in hormone receptor-positive groups, [22] [23] [24] 42, 43 other studies showed higher association in ER-negative breast cancer 29 or did not present heterogeneous results according to the hormone receptor status. 42, 43 To the best of our knowledge, this is the first study evaluating the association between NSW and breast cancer in Korean women and the third study conducted in the Asian population. Our findings will provide additional evidence about the association between NSW and breast cancer risk in the Asian population. One of the strengths of our study included detailed night-shift characteristics (shift systems, rotation cycle, years on night-shift schedule, recurred the second exposure) in general population. This was a well-designed case-control study, where possible confounding factors were considered. Adequate pathology information about the hormone receptors located in the breast cells (ER±, PR±, and HER2±) was obtained to classify breast cancers into detailed breast cancer subtypes.
There are several limitations in this study. This was a hospital-based case-control study and our findings may not be generalizable. We compared the prevalence of NSW with the result from the sixth (2013-2015) Korean National Health and Nutrition Examination Survey (KNHANES), which provides nationally representative results in Korea in the same period as our study. 44 The KNHANES evaluated the night-shift work status of participants by the question "Do you usually work during the day (between 6 am and 6 pm), or do you work at a different time in last one year?". Because of the questionnaire approaches were different, we did not have enough data to compare the prevalence of night-shift work of general and our study population. The results for last-one-year exposure of this study population were lower than KNHANES result (3.0% in KNHANES vs 1.1% in the control group). Furthermore, around 1.27 million workers involved in night-shift work accounting for 11.2% of total workers in the Survey Report on Labor Conditions by Employment Type. 45 Thus, our study population was deemed to have a similar prevalence of night-shift work (10.1%) compared to general Korean population. To increase comparability between cases and controls to minimize the association being likely to be attributable to differences in basic characteristics, we matched age groups of 10-year interval, but this might cause a selection bias. Another limitation is recall bias. Participants in the case group are usually better in recalling the previous exposures to risk factors compared with those in the control group. However, our data showed similar night-shift exposure in the case and control group, which can possibly explain our null findings. Insignificant associations possibly caused by low power due to the small number of subjects with experience of high intensity of NSW would be also suspected. Although we included subjects with NSW information (ever or never), detailed information on NSW such as age at initiation, number of days, start time, or duration and covariates was not obtained from a few participants. They were all included in the analysis by treating missing variables as dummy, but it might cause information bias. The period of recruitment of breast cancer cases and controls was different, and time bias might affect the result. Regarding adjusted variables for the association between NSW and breast cancer, among the covariates from Ijaz et al, 14 the number of pregnancies, age at birth of first child, and educational level were significantly associated with NSW but were not associated with breast cancer. Thus, as the definition of a confounder, 27 parity-related factors may not confound the association between NSW and breast cancer. Thus, adjusting for both parity-related factors (age at birth of first child and number of pregnancies) and educational levels, which represent socioeconomic status, in addition to all considered factors in our analysis, might be an over-adjustment, followed by less significant result. In summary, ever engaged in NSW, long-term or heavy NSW exposure was not associated with breast cancer risk. It is untimely to conclude night-shift work as a probable cause of cancer. Our results, in combination with other Asian studies, provide evidence that may explain the effects of NSW on Asian and Caucasian populations.
